Human T-cell leukemia virus type 1 (HTLV-1) was the first human retrovirus identified and causes both adult T-cell leukemia/lymphoma and tropical spastic paraparesis/HTLV-1-associated myelopathy, among other disorders. In vitro, HTLV-1 has an extremely broad host cell tropism in that it is capable of infecting most mammalian cell types, although at the same time viral titers remain relatively low. Despite years of study, only recently has a bona fide candidate cellular receptor, glucose transporter 1 (glut-1), been identified. Although glut-1 was shown to bind specifically to the ectodomain of HTLV-1 and HTLV-2 envelope glycoproteins, which was reversible with small interfering RNA directed against glut-1, cellular susceptibility to HTLV upon expression of glut-1 was not established. Here we show that expression of glut-1 in relatively resistant MDBK cells conferred increased susceptibility to both HTLV-1-and HTLV-2-pseudotyped particles. glut-1 also markedly increased syncytium formation in MDBK cells after exposure to HTLV-1. Another assay also demonstrated HTLV-1 envelope-cell fusion in the presence of glut-1. Taken together, these results provide additional evidence that glut-1 is a receptor for HTLV.
Human T-cell leukemia virus type 1 (HTLV-1) was the first retrovirus identified in humans (21, 30, 43, 44) . It causes at least two distinct diseases: adult T-cell leukemia/lymphoma (ATLL) (20, 45, 60, 63) and tropical spastic paraparesis/ HTLV-1-associated myelopathy (10, 38, 39) . HTLV-1 is endemic to certain geographic regions (8, 28) , including equatorial Africa (47) , southern Japan (1, 14) , the southeastern United States (3) , and parts of the Caribbean (2) and Latin America (12) . Seropositivity increases with age and is higher in women (6, 56, 57) . Although up to 35% of the southern Japanese population may be exposed (25, 53) , in the United States, among intravenous drug users and persons in sexually transmitted disease clinics, the seroprevalence for HTLV-1 and HTLV-2 (a highly related virus) varies from 0.4 to 17.6 and 0.1 to 2.0%, respectively (22) . Both viruses may be transmitted parenterally via blood transfusion or intravenous drug use (19, 37) , vertically via breast feeding (35) , and sexually (33) .
The envelope glycoprotein of HTLV-1 is composed of gp46 (the surface glycoprotein component) noncovalently attached to gp21 (the transmembrane domain). Accumulated evidence suggests that one polypeptide region responsible in part for specific viral absorption and cellular binding resides around amino acid residues 190 to 200 in gp46. Polyclonal antiserum against this portion of gp46 inhibit HTLV-1-induced syncytium formation (24) . A monoclonal antibody directed toward a single ectodomain epitope neutralized HTLV-1-induced T-cell proliferation (9) . A second monoclonal antibody recognizing an overlapping epitope inhibited both HTLV-1-mediated cell fusion and T-cell transformation (58) . Antipeptide antiserum raised against a decapeptide in the same region neutralized virus infection (58) . Confirmatory evidence for the importance of this region has been obtained from multiple mutagenesis studies of gp46 (42) . However, more direct evidence mapped a portion of the receptor recognition to an amino-terminal fragment of the surface glycoprotein (23) . In addition, residue Y114 was critical for cellular binding (26) , so the actual receptor binding domain (RBD) may be multipartite or discontinuous.
Although ATL is a disease of CD4 ϩ T cells (43, 44, 64) , HTLV-1 has a very broad host cell range in vitro. A wide variety of human cell lines and primary cell types are infectible with HTLV-1 (5, 15, 17, 46, 65) . Nonhuman cell lines of many different species are also infectible (34, 62) , suggesting that the receptor is both conserved and widely distributed. In fact, one stumbling block has been the identification of a nonsusceptible or resistant cell at the level of viral binding and entry. On the basis of superinfection interference studies, HTLV-1, HTLV-2, and related simian viruses all use the same receptor (50) . Mouse-human somatic cell hybrids in conjunction with vesicular stomatitis virus (VSV) pseudotyping localized the receptor to distal 17q in humans (51), although our own work with human immunodeficiency virus (HIV) cores pseudotyped with HTLV envelopes suggested that chromosome 17-containing cell lines were no more susceptible than the parental murine cells (54) .
More recently, the RBD of HTLV envelopes has been used as a tool to study the receptor and virus binding, which demonstrated that the receptor is poorly expressed on the cell surface of resting T cells but is up-regulated after T-cell activation (27, 36) . Expression of full-length HTLV envelope and RBDs resulted in pronounced cellular metabolic alterations consistent with reduced glucose uptake and consumption (26) . Because of this, candidate glucose transporters were tested for their role in HTLV entry and glucose transporter 1 (glut-1) was shown to bind specifically to both HTLV-1 and HTLV-2 ectodomains by both flow cytometric analysis and immunoprecipi-tation studies. Expression of the RBD also interfered with HTLV pseudotyping, which was reversed by overexpression of glut-1. In addition, small interfering RNA directed against glut-1 specifically reduced HTLV pseudotyping and RBD binding, again reversed with glut-1 (26) .
Despite these impressive results, doubts remain about whether glut-1 is the HTLV receptor, especially since nonsusceptible or poorly susceptible cells were not tested because of lack of availability. Here we use the relatively resistant MDBK cell line to show that expression of glut-1 confers increased susceptibility to HTLV, by using both cell-free and cocultivation assays with HTLV pseudotypes. In addition, expression of glut-1 enhances the ability of MDBK cells to form syncytia after exposure to HTLV, and results from a cell fusion assay are also consistent with glut-1 being a component of the HTLV receptor complex. Taken together, these data support the role of glut-1 in HTLV cellular binding and entry.
MATERIALS AND METHODS
Plasmids and viral vectors. pBABE-bleo.cycT1 was constructed by inserting a hemagglutinin epitope-tagged, truncated version of human cyclin T1 (residues 1 to 303; kind gift of Kathy Jones of the Salk Institute) into the SnaBI site of the murine leukemia virus (MLV) vector pBABE-bleo (32) . The entire coding sequence of human glut-1 was amplified by PCR with primers 5Ј-CCATGGA GCCCAGCAGCAAGAA-3Ј and 5Ј-ACTCACACTTGGGAATCAGCCCC-3Ј from a HeLa cDNA library, the sequence was confirmed, and it was blunt end ligated into the MLV vector pBABE-MN-IRES-Blasti just upstream of the internal ribosome entry site (IRES). pHIT60 encodes MLV Gag-Pol, driven by the cytomegalovirus immediate-early enhancer-promoter (52) , and pME-VSV G encodes VSV glycoprotein G, driven by the SR␣ promoter. Plasmids encoding HTLV-1 (pSV-HTLV-1 env rre) and HTLV-2 (pSV-HTLV-2 env rre) envelope glycoproteins were as previously described (54) , as were pBIV-eGFP and pBH2 (29) (the latter were generously supplied by Tianci Luo of GTI, Gaithersburg, Md.). pcDNA3-Ebola Zaire was constructed by inserting a 2.4-kb cDNA for the Ebola virus glycoprotein (Zaire strain of glycoprotein, gift of Anthony Sanchez of the Centers for Disease Control and Prevention) downstream of the CMV promoter of pCDNA3 (Invitrogen), with glycoprotein expression confirmed by both immunoblotting and pseudotyping. pBIV-puro was constructed by replacing the enhanced green fluorescent protein (eGFP) of pBIV-eGFP with a 1.1-kb simian virus 40 (SV40) promoter-puromycin acetyltransferase cassette. pHIVneo was constructed by replacing the alkaline phosphatase-encoding gene of pHIV-AP⌬env (55) with a 1.7-kb SV40 promoter-neomycin resistance cassette, and pHIV-puro was constructed similarly with a 1.1-kb SV40 promoter-puromycin acetyltransferase cassette. pHIV-hygro was a gift of Dan Littman (Skirball Institute, New York University) and is similar to pHIV-gpt (40) except that the gene for hygromycin B resistance replaces gpt. pHIV-cycT1-IRES-bsd is based upon pHIV-AP⌬env⌬vif⌬vpr (55) and contains a 1.9-kb cassette of truncated cycT1 coupled to blasticidin deaminase (bsd) by an IRES. pBABE-puro LacZ␣ was constructed by inserting a 400-bp HincII fragment encompassing LacZ␣ from pSCTZ␣ (31) into the SnaBI site of pBABE-puro (32) . Plasmid pBABE-puro.LESTReGFP (gift of Dan Littman) encodes a fusion protein of LESTR (also known as fusin or CXCR4) with eGFP at the COOH terminus within MLV vector pBABE-puro. Similarly, plasmid pBABEpuro.GLUT1eYFP encodes a fusion protein of GLUT1 and eYFP at the COOH terminus; details of plasmid construction are available upon request.
Cells and viruses. All cells were grown in 5% CO 2 , 37°C water-jacketed incubators and passaged every 3 to 5 days. MDBK cells were obtained from the American Type Culture Collection and maintained in Dulbecco's modified Eagle's high-glucose medium supplemented with 10% fetal calf serum (typically Invitrogen), penicillin, streptomycin, and ciprofloxacin at 20 g/ml (termed DMEM complete). HOS TK Ϫ cells were also obtained from the American Type Culture Collection and similarly maintained, as were 293T cells. C91/PL cells, which chronically release HTLV-1 virions, were grown in RPMI medium with the same supplements as above. 293T-⍀ 12 cells were a kind gift of Ned Landau (Salk Institute) and were maintained in DMEM complete supplemented with hygromycin B (Calbiochem) at 0.4 mg/ml.
Pseudotyped retroviral and lentiviral particles were produced by standard calcium phosphate cotransfection of 293T cells with the appropriate vector and envelope. For MLV or bovine immunodeficiency virus (BIV) vector production, the third plasmid encoded Gag-Pol (pHIT60 or pBH2, respectively). After 3 days, vector supernatant was harvested as previously described. For transductions or infections, vector supernatant was added to cells, which were incubated for 12 to 16 h and then refed and 48 to 72 h later either passaged into selective medium or further analyzed. If passaged into antibiotic-containing medium, cells were refed every 3 to 5 days and 9 to 12 days later cell colonies were either pooled and maintained as a stable cell line or fixed and stained with crystal violet in methanol-acetic acid and then enumerated.
Detection of glut-1 protein.
To confirm human glut-1 expression, exponentially growing cells were lysed in radioimmunoprecipitation assay buffer, cell lysates were centrifuged at 100,000 ϫ g for 30 min, and solubilized proteins were separated by sodium dodecyl sulfate-12% polyacrylamide gel electrophoresis (SDS-PAGE). After electrophoretic transfer to nitrocellulose, filters were first probed with rabbit anti-glut-1 antiserum diluted 1:1,000 (recognizes an epitope in the carboxy-terminal domain; gift of Mamoun Younes, Baylor College of Medicine), followed by anti-rabbit immunoglobulin G conjugated to horseradish peroxidase at 1:5,000 and developed by enhanced chemiluminescence. For immunofluorescence studies, cells were cytospun onto glass slides; fixed and permeabilized with Ortho Permeafix (Ortho Diagnostics); probed with the same primary antiserum at 1:400, followed by 1:100 anti-rabbit immunoglobulin G conjugated to biotin (Vector Labs) and then 1:500 streptavidin-tetramethyl rhodamine isothiocyanate (Jackson Immunoresearch); and photographed with a DFRT filter after staining nuclei with 4Ј,6Ј-diamidino-2-phenylindole (DAPI).
Syncytium and cell fusion assays. For quantitation of syncytium formation, various amounts of exponentially growing C91/PL cells were cocultured with target adherent cells, with Jurkat cells as a control T-cell line. After 48 h, cells were extensively washed and then fixed and stained with crystal violet. Syncytia were enumerated by counting 5 to 10 randomly chosen microscopic fields.
For the cell fusion assay, 293T-⍀12 cells that stably express LacZ⍀ polypeptide (16) were transiently transfected with the indicated viral envelope (along with an eYFP expression plasmid as a transfection control) and 48 h later cocultured with target adherent cells. After another 2 days, cell lysates were prepared in accordance with the Galactostar kit manufacturer's (Tropix) instructions. Substrate was added to lysate, the mixture was incubated in the dark for 60 to 90 min, and relative light units were quantified by luminometry.
RESULTS
Relative resistance of MDBK cells to HTLV at the level of viral entry. HTLV is capable of infecting most mammalian cell types, making it difficult to identify a nonsusceptible cell for gene transfer experiments. Previously, normal rat kidney cells and several mouse cell lines, which were thought to be resistant to VSV (HTLV)-pseudotyped particles, were in fact susceptible to HIV (HTLV) pseudotypes (54) . Testing of MDBK cells was more problematic since HIV cores pseudotyped with the MLV amphotropic 4070a envelope failed to yield detectable titers (54) , even in the presence of pit-2, the receptor for amphotropic virus. This was also true for HIV (VSV G) pseudotypes (data not shown). We decided instead to test BIV pseudotypes since MDBK cells are of bovine origin. Both MDBK and 293T cells were transduced with both BIV-eGFP (HTLV-1) and BIV-eGFP (VSV G) and analyzed by flow cytometry 72 h later. As shown in Fig. 1 , MDBK cells were susceptible to BIV (VSV G) but were quite (although not completely) resistant to BIV (HTLV-1)-pseudotyped particles, confirming the original observation with VSV pseudotypes (51) . Because of this, we reasoned that a postintegration (transcriptional) block for HIV may be present in MDBK cells. We obtained a truncated human cyclin T1 cDNA construct and introduced it into MDBK cells via an MLV-based vector. After this was done, HIV-eGFP (VSV G) titers were approximately 10,000 IU/ml as determined by epifluorescence microscopy, compared to ϳ5 ϫ 10 6 IU/ml on human cells (a reduction of ϳ500-fold). This suggests that although there are other, uncharacterized blocks to HIV transduction in bovine cells, the dynamic range of the VSV G titer in the presence of cyclin T1 is likely sufficient so that HTLV susceptibility can be reliably investigated in MDBK cells.
Confirmation of human glut-1 expression in MDBK cells.
The entire coding sequence of glut-1 was PCR amplified from a HeLa cDNA library and ligated into an MLV vector as part of a bicistronic cassette that included the blasticidin deaminase (bsd) gene. VSV G-pseudotyped MLV particles were produced and used to transduce MDBK cells. After transduction, blasticidin-resistant cells were pooled and maintained in blasticidin at 10 g/ml. To check for glut-1 expression, cells were lysed and after SDS-PAGE, lysates were immunoblotted with anti-glut-1 antiserum. As shown in Fig. 2 , glut-1 was expressed as a heterogeneous set of products with a molecular mass of approximately 55 kDa. This heterogeneity presumably represents different posttranslational modifications, mainly glycosylation, and has been observed previously (26) . Note the presence of multiple background bands, one or more of which may represent the endogenous bovine glut-1 protein product.
To confirm glut-1 expression, cells were also subjected to indirect immunofluorescence assay. Blasticidin-resistant cells were fixed, permeabilized, and probed with the same primary anti-glut-1 antiserum, followed by two secondary reagents. As shown in Fig. 3 , glut-1 was easily detectable in transduced cells carrying the MLV vector encoding glut-1, whereas only background staining was observed in cells transduced with the empty MLV vector. Note that glut-1 staining appears diffuse, which probably represents both cytoplasmic and plasma membrane localization of glut-1. The cytoplasmic pattern may be an artifact of overexpression from the MLV vector. Taken together, however, these results suggest that glut-1 was expressed in the transduced MDBK cells.
Conferment of HTLV susceptibility by glut-1. In order to test the ability of glut-1 to mediate infection by HIV (HTLV)-pseudotyped particles, a truncated version of human cyclin T1 was first introduced into MDBK cells on a separate MLV vector. Note that this version of cyclin T1 lacks the PEST domain, thus making it more stable while retaining full activity as a Tat cofactor (61) . Expression of cyclin T1 was confirmed by immunoblotting with anti-hemagglutinin epitope antiserum, and functionality was verified by demonstrating HIV-eYFP (VSV G) pseudotyping in both murine and bovine cells (data not shown). Both empty MLV vector and vector encoding glut-1 were introduced by transduction into MDBK.cycT1 cells, and those cells were maintained in selective medium containing both Zeocin and blasticidin.
In order to test susceptibility to HTLV, a variety of cellfree HIV (HTLV)-pseudotyped particles were prepared by transient transfection of 293T cells and used to infect both MDBK.cycT1.empty and MDBK.cycT1.glut-1 cells, with HOS TK Ϫ cells included as a positive control. Infected cells were passaged into selective medium, and colonies were counted after 9 to 12 days. HIV (VSV G) also served as a positive transduction control. As shown in Table 1 ., for all HIV (HTLV)-pseudotyped particles, titers on MDBK.cycT1 cells were much greater in the presence of glut-1. This was true for both HTLV-1-and HTLV-2-pseudotyped particles.
Because cell-free HIV (HTLV) titers were relatively low, we also performed cocultivation experiments in which the viral titers are typically at least 1 order of magnitude greater. Again, HIV (HTLV) pseudotype titers on MDBK.cycT1 cells were much higher in the presence of glut-1 (Fig. 4) , whereas there We also wished to monitor glut-1 protein in real time. To do this, we constructed an MLV vector encoding a glut-1-eYFP fusion protein (eYFP cytosolic at the COOH terminus; Fig. 5A contains a schematic). As a control, the same MLV vector encoding a CXCR4-eGFP fusion was kindly provided by Dan Littman. Transient transfection of both of these constructs into 293T cells showed predominantly (but not exclusively) plasma membrane localization, as determine by epifluorescence microscopy. Similar fluorescence localization results were obtained after MLV (VSV G)-pseudotyped particles were used to transduce HOS TK Ϫ cells. In transduced MDBK cells, how- b No colonies observed after using 5 ml of vector supernatant. c Ͼ40,000 colonies using 0.3 ml of vector supernatant. d For HIV-neo, MDBK and HOS cells were selected by using G418 at 2 and 0.5 mg/ml, respectively.
e For HIV-hygro, MDBK and HOS cells were selected by using hygromycin B at 0.8 and 0.4 mg/ml, respectively.
f For HIV-puro, MDBK and HOS cells were selected by using puromycin at 20 and 5 g/ml, respectively. are also consistent with glut-1 being part of the HTLV receptor complex.
Envelope-induced cell fusion in the presence of glut-1. We wished to demonstrate fusion between envelope and glut-1-expressing cells by using a novel alpha-complementation assay recently developed by Landau and colleagues (16) . By retroviral vector-mediated gene transfer, LacZ␣ peptide was introduced into MDBK.glut-1 cells and the cells were maintained under puromycin and blasticidin selection. These cells were cocultured with 293T-⍀12 cells that stably express the LacZ⍀ polypeptide and that had been transiently transfected with HTLV-1 envelope or other viral glycoproteins. After 48 h, cells were lysed and soluble ␤-galactosidase activity was measured. Negative controls included MDBK.empty cells and cocultivation with parental 293T cells (as well as mock-transduced 293T-⍀12 cells), and positive controls included HOS TK Ϫ .lacZ␣ cells and 293T-⍀12 cells that had been transfected with VSV G. Although the dynamic range of the assay was modest, there was a clear increase in LacZ activity in the MDBK.glut-1 cells cocultured with 293T-⍀12 cells that had been transfected with HTLV-1 env, and the magnitude of the effect was similar to that observed when 293T-⍀12 cells were transfected with Ebola Zaire virus glycoprotein (Fig. 7) . This result is also consistent with glut-1 mediating HTLV envelope-cell fusion.
DISCUSSION
Despite the fact that HTLV-1 was the first human retrovirus discovered, more than 20 years ago (43) , identification of its cellular receptor remained elusive until quite recently (26) . Major stumbling blocks that have precluded receptor characterization include the fact that most mammalian cell types are susceptible in vitro, viral titers are very modest (even in cocultivation assays), and stable expression of envelope is cytotoxic. Identification of glut-1 as the receptor directly resulted from the perceptive observation that cell glucose metabolism appeared to be altered after expression of either full-length envelope or the RBD (26) . glut-1 specifically bound the RBD, and small interfering RNA directed against glut-1 reduced HTLV pseudotyping, which was reversed by overexpression of glut-1. Not demonstrated, however, was the ability of glut-1 to confer susceptibility on HTLV-resistant cells.
Here we confirm that MDBK cells are relatively resistant to HTLV at the level of viral entry, but after expression of glut-1 they became more susceptible to HTLV-pseudotyped particles, in both cell-free and cocultivation assays. glut-1 also increased HTLV-induced syncytium formation and cell fusion mediated by HTLV-1 envelope. These results, taken together with the previous work of Sitbon, Battini, and colleagues, add further support to the concept that glut-1 serves as an HTLV receptor.
We cannot exclude the possibility that other glucose transporters or cell surface proteins play a role in HTLV cellular binding and entry. glut-1 is widely expressed and is very highly conserved among mammalian species, which may explain why it has been nigh impossible to identify an HTLV-resistant cell line. Only recently have glut-1 "knock-down" murine cells become available (13) , and it will be of interest to test their susceptibility. W cannot exclude the possibility that other cell surface proteins, in addition to glut-1, are part of the receptor complex. Experiments in which "pseudotyped" particles were produced with glut-1 in order to infect envelope-expressing cells did not yield an informative result. This may be viewed as being consistent with the presence of coreceptor, but it is also conceivable that not enough glut-1 was expressed on the surface of the pseudotyped particles (coupled with poor cell-free infectivity whenever working with HTLV envelope) to achieve an adequate signal over the background noise. Akin to work with HIV, the presence of coreceptor will likely only be inferred if in a specific cell type expression of glut-1 is not sufficient to confer susceptibility to HTLV. Because resistant cell lines are such a rarity, it is hard to envision that a coreceptor for HTLV exists.
One should note that the data presented here do not definitively establish that glut-1 is the HTLV receptor since all of the results are also consistent with its being involved in immediate postentry events, just downstream of receptor binding and entry. Given the fact that it is a multipass transmembrane protein, coupled with existing HTLV RBD binding data (26) , the fact that glut-1 does confer susceptibility to HTLV buttresses the argument that it is an integral part of the receptor complex and it would be unprecedented if it were only indirectly or secondarily involved.
One paradox regarding HTLV is that essentially all mammalian cell types are infectible and yet viral titers are uniformly poor or low, even when pseudotyped particles are used for infectivity assays. The question remains whether this is due to limitations in viral envelope expression or stability, immediate postentry restrictions, glut-1 or other receptor-coreceptor expression, or affinity or avidity of virus for receptor. Identification of glut-1 and characterization of its interaction with envelope will help address some of these issues and concerns. Recently it has been suggested that, analogous to HIV infection, HTLV infection is facilitated by the formation of a "virological synapse" between infected and uninfected T cells (18) . This synapse accumulates HTLV structural proteins, genome, and T-cell activation markers. Whether glut-1 is present and concentrated within this cell-cell junction is unknown, but if the synapse allows a greater density of glut-1 on the cell surface, that may help explain why cell-cell transmission is much more efficient than cell-free infection. It may be no more than a coincidence that HTLV induces polarization of the cytoskeleton (18) and its putative intracellular partner (GLUT1CBP) is enriched in mammalian midbodies and is required for initiation of cytokinesis (49) .
The fact that a fusion protein between glut-1 and eYFP enhances susceptibility to HTLV suggests that a free, cytosolic COOH terminus is not required for HTLV binding and entry. This is true for many other retroviral and lentiviral receptors. This fusion protein may prove to be a useful reagent for examining events that occur at the virological synapse in real time and also for monitoring the effects of HTLV env or RBD on glut-1 intracellular trafficking and down-regulation from the plasma membrane.
Does the identification of glut-1 have therapeutic implications for ATLL or tropical spastic paraparesis/HTLV-1-associated myelopathy? It is doubtful that ongoing viral replication plays a major role in their pathophysiology of either of those illnesses, although the possibility cannot be fully excluded. Certainly for ATLL there is little virus production in malignant clonal CD4 T cells, so it is hard to envision how blockade of the receptor would be of therapeutic benefit. During primary infection, unfortunately, most individuals are asymptomatic and it would be difficult to identify them at the time of seroconversion. In addition, only a minority of seropositive individuals develops any type of clinical illness (and other than HIV coinfection, the risk factors for developing disease are unknown), so it would be hard to justify treating unaffected individuals, even those who are also HIV seropositive.
Aside from treatment efficacy concerns, there is also the potential of serious adverse events. Despite the fact that there are multiple glucose transporters in any given cell, glut-1 is arguably the most critical. Disruption of glucose transport would likely be cytotoxic to most cell types, including those of the central nervous system, especially given the fact that glut-1 is the predominant glucose transporter expressed by endothelial cells at the blood-brain barrier (4, 7, 41) . This is further supported by evidence that in humans glut-1 deficiency or haploinsufficiency typically leads to severe learning difficulties, developmental delay, microcephaly, and seizures (11, 48, 59) . Whether a small molecule or other compound could be designed to specifically and efficiently interfere with HTLV binding and entry but not glucose transport is unknown. Further molecular characterization of the interaction between HTLV and glut-1 should help resolve some of these questions and illuminate the importance of glut-1 to the replicative cycle of HTLV.
